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D ¥ € i

)
Hugh S. Lacy \&

DWC:HSL:chs:Itr-5
Enclosures

FOUNDATION ENGINEERING SINCE 1910






1.0

2.0

3.0

4.0

INTRODUCTION .. vtintinraresnetoasasoncconnonnsonarecseneces 1
1.1 AUthOTIZAtION .+ .+« vt ve et e 1
1.2 Scope Of WOTK ... vvvrievii e 2
TEST BORING AND LABORATORY PROGRAM .....covveevnrnncnns 2
2.1 Presentation of Boring Data . .. ... vvvveiiiii e 2
22 Laboratory Testing Program ............coeviimiirireneeneenn 3
2.3 Field Permeability TEStS ..o vvvennn ot 3
2.4 Potential Corrosion Characteristics . ..........ovvnnirneereens 4
2.5 Groundwater CONditions . ... ...vvvreevuuiiinne e 4
SUBSURFACE CONDITIONS ...intiirniinetennerennnnannecrncee. 4
3.1 Subsoil Stratification ... ...t 4
SUMMARY OF DESIGN AND CONSTRUCTION PROBLEMS........... 7
4.1 General COMIMENTS. . . ot e v et tie e 7
4.2 Stations 516+00 to 527+00, Underground . . .........c.ooniinnnn. 8
4.3 Stations 593+00 to 596450, Covered. . ... ..ot 8
4.4 Stations 596+50 to 603+50, Underground . .. ...t 9
4.5 Stations 603+50 to 606+15, Covered . ... ... 9
4.6 Stations 606+15 to 619+00, Covered Aerial
Through Girder and Aerial. .. ... 10
4.7 Stations 619+00 to 633+00, Retained Fill,
Largo Town Center Station Platform ... ..o 11
4.8 Stations 633+00 to 636+80, Transition. . ... 12
4.9 Stations 636+80 to 655423, Cutand Cover . ... 12
REFERENCES PROTECTED UNDER INTERNATIONAL COPYRIGHT

REPORT NO. 1
FINAL REPORT
CONTRACT NO. 376251
(REPORT NO. 253, MRCE SERIES)
SECTION G4aL, ADDISON ROUTE

SUPPLEMENTARY SUBSURFACE INVESTIGATION

ALL RIGHTS RESERVED
NATIONAL TECHNICAL INFORMATION SERVICE
U.S. DEPARTMENT OF COMMERCE



Table No.
Table No.
Table No.
Table No.
Table No.

[ T S OV TR OO R

Plate No. 1
Plate No. 2
Plate No. 3
Plate No. 4
Plate No. 5
Plate No. 6

Drawing No.
Drawing No.
Drawing No.
Drawing No.

Drawing No.
Drawing No.
Drawing No.

SK-1

SK-2

SK-3

F-1
G4aL-S0O-05
G4al.-SO-12
G4alL-SO-13

Drawing No. G4aL-SO-14

Drawing No
Drawing No
Drawing No
Drawing No
Drawing No
Drawing No
Drawing No

Appendix

. G4aL-SO-15
. G4aL-SO-16
. G4aL-SO-17
. G4aL-SO-18
. G4aL.-SO-19
. G4aL.-SO-20
. G4aL-SO-21

EXHIBITS

Survey Data for Borings (Section G4aL - Addison Route)
Summary of Laboratory Test Data

Summary of Rising and Falling Head Permeability Tests
Representative Permeability Values

Representative Permeability Values

Plasticity Chart

Gradation Curves
Gradation Curves
Gradation Curves
Gradation Curves

Summary of Strength Tests

Topographic Survey of Site - 1957

Topographic Survey of Site - 1971

Topographic Survey of Site - 1993

Subsurface Investigation General Information Drawing
Plan and Geological Section - Sta 5 16+00 to Sta 527+00
Plan and Geological Section - Sta 593+00 to Sta 604+00
Plan and Geological Section - Sta 604+00 to Sta 615+00
Plan and Geological Section - Sta 615+00 to Sta 626+00
Plan and Geological Section - Sta 626+00 to Sta 637+00
Plan and Geological Section - Sta 637+00 to Sta 648+00
Plan and Geological Section - Sta 648+00 to Sta 655+23
Logs of MR-Series Borings - MR-52 to MR-55

Logs of MR-Series Borings - MR-56 to MR-59

Logs of MR-Series Borings - MR-60 to MR-63

Logs of MR-Series Borings - MR-64 to MR-65

Corrosion Testing Results

Reproduced from
best available copy.




REPORT NO. 1
FINAL REPORT
CONTRACT NO. 3Z6251
(REPORT NO. 253, MRCE SERIES)
SECTION G4aL, ADDISON ROUTE
PRELIMINARY SUBSURFACE INVESTIGATION

1.0 INTRODUCTION

1.1 Authorization

Contract No. 376251 between DeLeuw Cather & Company (DCCo) and Mueser Rutledge
Consulting Engineers (MRCE) provides for subsurface investigations, laboratory testing, and
summary reports relating to certain portions of the Rapid Transit System (RTS). One portion of that
report covers the making of 14 borings as part of Phase III of preliminary subsurface investigation
to provide geotechnical information in connection with the preparation of general plan drawings and
preliminary design at the 30% level. One of these borings was drilled along the alignment explored
previously and the remaining 13 borings were drilled along an alignment identified as the Preferred

Modified Tangent Alignment.

The following MRCE reports contain exploratory data obtained previously for the Addison Route
or information relevant to this section:

1. Final Report, Subsurface Investigation, Addison Route, Station 290 (G002) to 488 (G003), dated
November, 1973. (MRW]J Series Report No. 95).

2. Supplementary Subsurface Investigation, Addison Route Section G003, dated November 22,
1974 (MRW] Series Report No. 118).

3. Report on Pumping Test, Addison Route Section G003, dated July 7, 1975 (MRWI Series
Report No. 135).

4. Preliminary Subsurface Investigation, G-Route Addison Road to Largo Town Center, dated
November 14, 1996 (MRCE Series Report No. 249).

5. Preliminary Subsurface Investigation, Sections G4 and G5, Addison Route, dated May 16, 2000
(MRCE Series Report No. 252).
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1.2 Scope of Work

The scope of work comprises the subsurface investigation for the planned subway alignment from
east of the Summerfield Station to east of the Largo Town Center Station. The completed fieldwork
consists of a group of 14 borings, 13 of which are along the Preferred Modified Tangent Alignment
and the Largo Town Center Station. A previous investigation was performed in 1996 along the
Tangent Alignment and the results published in MRCE Series Report No. 249. Borings Nos. MR-
53, MR-54U, MR-55, MR-56, MR-61, MR-62, MR-63, MR-64, and MR-65 were drilled along the
subway alignment. Borings MR-57U, MR-58, MR-59U and MR-60 were drilled at the planned
location of the Largo Town Center Station. The remaining boring, MR-52, was made near the
planned location of MR-7 which had been deleted from earlier programs because we were unable
to obtain permission to enter the site.

Boring operations commenced January 2000 following WMATA authorization to proceed, and the
borings were completed in May 2000. All borings were made by GeoServices Corporation under
subcontract to Geotech Engineers, Inc. and were inspected and logged by GeoServices. An MRCE
representative was present at the site on a part-time basis during the boring operations to verify that
the work was performed in accordance with Metro standards. The boreholes were made by
conventional soil boring methods utilizing a tricone roller bit with the aid of casing and water or
drilling mud to advance the hole. Observation wells were installed in nine of the borings for
continuing measurement of groundwater levels. All borings with the exception of those containing
observation wells were grouted at completion. Borings containing observation wells were grouted
above a bentonite seal. Corrosion tests on soil samples recovered from selected borings were
performed by Artech Testing LLC of Chantilly, VA, under subcontract to Geotech Engineers, Inc.
The results of these tests are included in an appendix to this report.

All soil samples recovered from the borings were transported to our laboratory in New York City
for examination, check of field classification, and performance of identification testing and
engineering properties tests. Soil samples remaining after completion of laboratory testing were
returned to Washington, DC, and placed in the designated storage facility.

2.0 TEST BORING AND LABORATORY PROGRAM

2.1 Presentation of Boring Data

Locations of all 14 borings are shown on Drawings Nos. G4aL-SO-5 and G4aL-SO-12 through 17.
Locations of the geological sections as well as the general configuration of the Largo Town Center
Station are also shown on these sheets. Information from the borings drilled under this contract as
well as earlier borings is plotted on the geological sections. Drawing No. G4aL.-SO-5 was originally
presented as Drawing No. GPG-SO-50 in MRCE Series Report No. 249, dated November 9, 1996,
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and has been redrawn to incorporate data from current Boring No. MR-52. All geological sections
are drawn at an exaggerated scale of one to four. Soil data plotted on the geological sections include
sample number designation and position, Standard Penetration Test resistance of the soil sampler,
Unified Soil Classification, water contents of the fine-grained soils, Atterberg Limits, and shear
strength in ksf. Also shown on the sections are the results of grain size tests on selected soil samples
from the borings, giving the percentage by weight of particles passing the Nos. 200 and 40 sieves
and of the gravel retained upon the No. 4 sieve. The legend explaining these test symbols in shown
on Drawing No. G4aL-SO-17. Final logs of the completed 14 borings are presented on four
Drawings Nos. G4aL-SO-18 through G4aL-SO-21. These logs are based on laboratory examination
of soil samples and identification testing, and they may differ in detailed interpretations from the

driller’s logs.

Coordinate locations and ground surface elevations of the borings are listed in Table No. 1. General
Information Drawing No. F-1 presents notes and legend applicable to both the geological sections
and boring log drawings. This drawing also summarizes the sequence of the principal subsurface
strata with their general descriptions. The general strata descriptions of soils encountered in this
design section are presented on Drawing No. G4alL-SO-17.

2.2 Laboratory Testing Program

Three inch undisturbed samples were recovered by pushing thin-walled Shelby tubes. Accepted
samples were transported to our New York City laboratory for testing of engineering properties.
Those tests comprised determination of shear strength by seven tests. In addition, Atterberg Limit
tests and grain size determinations were performed. The results of these tests are listed in Table No.
2, Summary of Laboratory Test Data. All split-spoon samples were examined in the laboratory,
classifications were checked and water content determined for clayey and fine grained soils. Seven
unconsolidated undrained triaxial shear tests were performed on Tertiary soils of Stratum Es and
upper Cretaceous soils of Stratum Ms.

2.3 Field Permeability Tests

Nine falling-head tests were performed in the borings with observation wells. Results are plotted
on Table No. 3, which gives basic information on the circumstances of the test, strata tested, and
computed coefficients of permeability. The coefficients shown on this table represent an average
permeability of the strata exposed in the observation well. They are not comparable in reliability

to field pumping test results.

Table No.5 lists generalized coefficients of permeability of Tertiary and upper Cretaceous strata
extrapolated from full-scale pumping tests on Pleistocene and Terrace soils based on a comparison
of identification properties. The values on these two tables chiefly reflect the horizontal coefficients
because of the flow conditions to the test wells. They are regarded as more realistic values than
those given by the small scale tests in the individual boreholes.
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2.4 Potential Corrosion Characteristics

Tests relating to potential corrosio'n characteristics included pH, resistivity, chlorides, sulfates, and
total sulfur. Results of that testing are presented in the Appendix to this report. Tests of soil
samples from Borings Nos. MR-63, MR-64, and MR-65 exhibited pH values below 4, indicating

highly acidic soils.
2.5 Groundwater Conditions

Water levels measured in observation wells installed in earlier borings and borings made for this
investigation are indicated on the geologic sections by a solid triangle symbot for the current borings
and an open triangle symbol for the earlier borings. Anaverage water table position estimated from
this group of readings is indicated by a dashed line on the geological sections. In general, the
groundwater level is a subdued reflection of the ground surface. The lowest groundwater level was
recorded in Boring No. MR-37 at Elev. 114.5 and the highest groundwater level was recorded at
Boring No. MR-63 at Elev. 166.2. A water level was observed 2.2 feet above ground surface in
Boring No. MR-53 corresponding to Elev. 129.8, suggesting artesian conditions presumably due to
higher groundwater levels to the east, confined in deeper pervious strata by overlying less pervious
strata.

3.0 SUBSURFACE CONDITIONS

3.1 Subsoil Stratification

The subsoil stratification for the Largo Extension comprising the entire subway alignment between
Stations 485+00 and 651+70.55 was summarized in MRCE Series Report No. 249, dated November
14, 1996. The principal materials encountered along the Modified Aerial Alignment comprise man-
made fills, Tertiary marine deposits of Calvert sands and clays of Strata Cs and Cc, Aquia sands and
clays of Strata Es and Ec, upper Cretaceous Monmouth sands and clays of Strata Ms and Mc, and
Cretaceous clays and sands of Strata P1 and P2.

3.1.1 Stratum F - Fill Drawings Nos. SK-1, SK-2 and SK-3 show the existing site topography
in 1957, 1971, and 1993, respectively. These drawings indicate that very little fill has been added
at the site, except in the northern portion of the parking lot at the US Airways Arena, where up to
about 23 feet of fill has been added. The fill is generally loose to medium compact sands and silts
and medium to very stiff clays that are difficult to distinguish from the underlying soils from which
they are derived, except where artificial materials are added. The thickness of fill generally varies
between two and eight feet except in the area centered on Borings MR-54U and MR-55, where fill
ranges up to 12 feet in thickness.
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3.1.2 Stratum Cs (Calvert) Fine Sand, trace to some Silt, Clay and Silty or Clayey Fine Sand
Stratum Cs consists of loose to medium compact dark gray, olive gray, green brown, and yellow
orange fine sand, trace to some silt, clay and silty or clayey fine sand, trace gravel. This stratum was
encountered in Borings Nos. MR-8U and MR-9 overlying the Es sands. Standard Penetration Test
(SPT) resistance is in the range of 2 to 17. The low blow count is apparently due to sampling
techniques and does not represent a variation in the density of the stratum. Although the stratum is
rated as loose to medium compact based on the SPT resistance recorded in the borings, the actual
consistency can be classified as medium compact, based on an average shear strength of 2 ksf in

previous WMATA work.

3.1.3 Stratum Ec (Aquia) Plastic to Silty and Sandy Clay or Clayey Silt This stratum consists
of medium to stiff gray, green, olive gray plastic clay to silty and sandy clay or clayey silt, trace
lignite with occasional slightly organic fine sandy and silty clay layers, trace shells. This is the
oldest of the Tertiary marine sediments and it was encountered in Borings Nos.

MR-25, MR-38, MR-53, MR-58 and MR-60. The clay is preconsolidated in the range of 7 to 8 tsf,
and shear strengths increase with depth from about 2 to 3.5 ksf.

3.1.4 Stratum Es (Aquia) Silty and Clayey Fine Sand This stratum consists of loose to medium
compact green, olive gray silty and clayey fine sand, trace shells, mica with occasional slightly
organic silty and clayey fine sand layers. This stratum was encountered in Boring No. MR-52
beneath the fill, and throughout the Preferred Modified Tangent Alignment beneath Strata F or Cs,
or beneath Stratum Ec in Borings Nos. MR-25, MR-38, MR-53, MR-58 and MR-60. SPT values
were generally in the range of 3 to 17 blows per foot. Laboratory testing in this and previous
WMATA contracts indicated an average shear strength of 2.2 ksf.

3.1.5 Stratum Mc (Monmouth) Slightly Organic Fine Sandy Silt and Clayey Silt This
material comprises loose to very compact dark green slightly organic micaceous fine sandy silt, and
very stiff to hard clayey silt to silty clay, trace shells, occasionally cemented. This stratum belongs
to the upper Cretaceous deposits and was found in Borings Nos. MR-37 and MR-56 beneath Stratum
Es, beneath Stratum Ms in Borings Nos. MR-53 and MR-54U and interlayered with Stratum Ms in
Borings Nos. MR-38 and MR-55 beneath Strata Ec or Es. The formation is heavily preconsolidated
in excess of 10 tsf. Laboratory testing on one tube sample recovered from Boring MR-54U
indicated an average shear strength of 4.2 ksf. Shear strengths generally range between 3 and 3.5
ksf based on tests performed earlier for other WMATA design sections.

3.1.6 Stratum Ms (Monmouth) Slightly Organic Micaceous Silty Fine Sand and Clayey Fine
Sand This stratum consists of loose to very compact dark green slightly organic micaceous silty fine
sand, trace clay and clayey fine sand, trace to some shells, occasionally cemented, and with
cemented sand layers. This sandy material is nearly continuous throughout this section. SPT
resistance is generally between 10 and 30 blows per foot, but can be as low as 4 blows per foot and
in a few instances exceeds 50 blows per foot, reflecting the presence of cemented shell and cemented

sand pockets and lenses.
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Although the Monmouth formation is classified as loose to very compact based on SPT, the actual
consistency can be classified as medium to very compact, based on results of strength tests and its
high degree of preconsolidation and significant cementation. Laboratory testing in this and previous
WMATA contracts indicates an average shear strength of 3.3 ksf. Further, pile driving in Stratum
Ms in previous WMATA contracts required predrilling and/or blasting to penetrate layers of
cemented sand and shells.

3.1.7 Stratum P1 (Cretaceous) Plastic Clay Primarily stiff to hard red-brown and gray or light
gray plastic clay, silty clay, CH or CL by the Unified Soil Classification System, this stratum is
present generally below about Elev. 110 underlying the Monmouth formation. It was found in deep
Borings Nos. MR-8U, MR-33U, MR-37, MR-38, MR-39, MR-53 and MR-56 through MR-61. The
distinctive characteristics of these mottled red-brown and gray clays is that they are frequently
fissured or slickensided. Shear strengths of intact samples tested generally ranged between 3 and
7 ksf. This stratum is not continuous throughout the alignment and is frequently interlayered with
materials of Strata P1(CL) and P2.

3.1.8 Stratum P1(CL) (Cretaceous) Sandy Clay Stiff to hard gray silty or sandy clay, with
some fine sand layers, trace to some cemented sand and lignite fragments. Shear strengths have a
narrower range than the plastic clays of Stratum P1 since slickensides are not particularly numerous.
This stratum was found in Borings Nos. MR-8U, MR-33U, MR-37, MR-38, MR-39, MR-56, MR-
61 and MR-65, and is frequently interlayered with plastic clays of Stratum P1 and sand of Stratum
P2.

3.1.9 Stratum P2 (Cretaceous) Silty or Clayey Sand Stratum P2 consists of compact to very
compact, light gray, brown or tan fine to medium sand, some clay, silt or clayey fine to medium
sand, trace cemented sand layers, gravel, lignite. This Stratum was encountered in Borings Nos.
MR-33U, MR-37, MR-38, MR-56, MR-61, and MR-65, and is interlayered with materials of Strata
P1, P1(CL), and P2 (SP-SM).

3.1.10 Stratum P2(SP-SM) (Cretaceous) Sand, Trace Silt or Clay This stratum consists of very
compact gray fine to medium sand, trace silt or clay, with cemented sand layers and gravel. It
generally is associated with other sands of Stratum P2 and is classified SP-SM, occasionally SP, by
the Unified System. These sands were encountered in Borings Nos. MR-37, MR-38 and MR-56.

3.1.11 Stratum P2(G) (Cretaceous) Sand, Some Gravel The P2(G) stratum consists of very
compact light gray and brown fine to coarse sand, some gravel, trace to some silt, clay, cemented
sand fragments. This material was encountered in Borings Nos. MR-37 and MR-56.
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40 SUMMARY OF DESIGN AND CONSTRUCTION PROBLEMS

4.1 General Comments

As noted in the geological sections, occasional crossing drainage swales or streams will be
interrupted where the subway alignment is not aerial or buried. Designers should decide how to
handle the crossing drainage to prevent damming of storm flow by the subway construction.

Retaining walls are planned at several locations along the alignment either to retain a cut or to retain
a new fill. Alternatives to conventional cast-in-place concrete retaining walls might be given
consideration for retained cut walls. These would consist of secant or tangent piles, or driven steel
soldier piles with precast concrete lagging, faced with architectural concrete panels. For heights
greater than 15 to 20 feet, permanent tiebacks or battered piles with vertical soldier piles could be
employed to limit cantilever moments. Such walls serve as both temporary support of excavation
and permanent retaining structures. Alternatively, driven steel soldier piles with timber lagging
could be used as temporary support, and a permanent reinforced concrete wall constructed flush to
the timber lagging. This method was used in Sections E-6, F-7, and F-9. For walls to retain new
fill, we suggest Reinforced Earth walls as in Section E-7 or crib walls as another alternative. The
design of all structures must be in accordance with WMATA criteria.

Corrosion testing performed on selected soil samples indicates pH levels as low as 3.7, sulfates as
high as 1.9%, and total sulfur as high as 1.4%. The average of the test results indicates pH of 5.4,
sulfates of 0.77%, and total sulfur of 0.58%. Sulfates in excess of total sulfur are attributed to
variations in levels within the tested samples. Complete results are presented in the appendix. pH
values below 4 are considered to indicate acid sulfate soils, also known locally as “cat clays,” which
are known to exhibit a significant drop in pH upon oxidization. These soils occur in the Cretaceous,
upper Cretaceous, and Tertiary deposits of the Maryland Coastal Plain. According the USDA, “If
a soil containing sulfidic materials is drained, or if sulfidic materials are otherwise exposed to
aerobic conditions, the sulfides oxidize and form sulfuric acid.”! Both of these conditions are likely
to occur during construction of the Largo Extension, the first due to dewatering and the second due

to excavation.

The acidic soil and the resulting acidic water can cause severe deterioration of concrete. The 1999
BOCA National Building Code specifies requirements for concrete exposed to sulfate-containing
solutions or soils. Those requirements, found in BOCA Section 1907.1.3 and Table 1907.1.3,
include the use of Type II or V cement, plus the use of pozzolan, depending on the concentration
of sulfate in the water or soil. Testing of additional samples of soil and groundwater samples should
be performed in the final boring program to determine appropriate levels of action to be taken.
Testing should include Tertiary soils of the Calvert and Aquia formations, which were not tested in

this phase.
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4.2 Stations 516+00 to 527+00, Underground

The longitudinal geological section on Drawing No. G4aL-SO-05 has been updated to include
Boring No. MR-52, which was drilled as a replacement for Boring No. MR-7. The soil stratigraphy
has been modified slightly to reflect the new information from this boring. The planned method of
construction in this area has been revised from retained cut to underground, as noted at the top of
the section. However, a discussion of the impact of this change is outside the scope of this report.

4.3 Stations 593+00 to 596+50, Covered

Subsoil conditions are illustrated in longitudinal geological section on Drawing No. G4aL-SO-12.
Subsoils in the area of the covered section consist of a thin layer of Stratum F overlying clay and
sand of Strata Ec and Es, ranging in thickness between approximately 8 and 10 feet, followed by
Monmouth sands and clays of Strata Ms and Mc overlying Cretaceous sands and clays of Strata P1,
P1 (CL), and P2. The top of the Cretaceous strata varies from about Elev. 95 to about 105. Strata
Ms and Mc vary in thickness from about 22 to 30 feet. The groundwater level varies from near
surface in the wetlands area to about 10 feet below ground surface.

Groundwater was measured in Boring MR-53 at Elev. +129.8, about 2.2 ft above the ground surface.
A seep was observed upslope of Boring MR-53 at about the same elevation. These data suggest an
artesian water condition in this area, driven by higher groundwater to the east, which may affect the
underground portion of the alignment east of Station 596+50. Further, the construction of the
underground structure may provide a channel for the movement of groundwater from the east into
the wetlands area.

A covered precast structure is planned to span the wetland area, beginning downstation of Drawing
No. G4al-SO-12 with its upstation end at Station 596+50. This structure could be supported on
spread foundations bearing on the upper Cretaceous sands of the Monmouth formation of Strata Ms,
encountered at about 10 feet below the ground surface. However, the rigorous limitations on
differential settlements given by WMATA criteria probably would be exceeded by spread footings
and therefore, pile support for the piers and abutments appears necessary.

Piles of up to 70 ton working capacity for the precast structure located roughly between Borings
MR-32 and MR-33U could consist of steel H-piles, closed-end pipe or precast concrete piles. We
estimate 70-ton pile penetration into Monmouth formation and Cretaceous deposits of about 30 to
40 feet below the ground surface for the pipe piles and precast concrete, and about 45 to 55 feet for
the H-piles. Boring No. MR-32 is located at about Station 589+90.
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4.4 Stations 596+50 to 603+50, Underground

Subsoils in this area consist of a layer of Stratum F which ranges from about two feet in thickness
at Station 596+50 to about 13 feet east of Brightseat Road, overlying sand of Stratum Es ranging in
thickness from about 10 to 20 feet, overlying sand of Stratum Ms ranging in thickness from about
5 to 40 feet, overlying silt of Stratum Mc of at least 20 feet in thickness in Boring No. MR-54U,
overlying Cretaceous sand and clay of Strata P1 and P2. Groundwater varies from about 10 to 15
feet below ground surface and is a subdued reflection of the ground surface.

Planned top of rail is as much as 32 feet below existing grade, and 15 feet below present
groundwater levels. The planned construction at this writing is a cast-in-place invert slab with a
precast roof and wall section. The slab will generally bear in the Monmouth formation of Stratum
Ms, with allowable bearing pressures of 3 tsf. East of Boring No. MR-54U, base of structure will
rise out of the Monmouth sands and will bear in the Aquia sands of Stratum Es. Allowable bearing
pressures in Stratum Es should be limited to 2 tsf. Groundwater control will be required during
construction, and permanent drainage or waterproofing of the underground structure will be
required. Dewatering with wells inadvance of excavation is essential to avoid softening of subgrade
soils. The silty sands of Strata Es and Ms will require closely spaced wells or vacuum wellpoints
to lower the water table. Design of the underground structure must consider the potential movement
of groundwater to the west, as discussed in Section 4.3, and provide means for carrying or
obstructing water so that the subgrade soils are protected from erosion which could undermine the
underground structure. Design of concrete and steel structures must consider the presence of acid-
sulfate soils of Stratum Ms. The subway will pass beneath Brightseat Road and a number of utilities
below this road. If constructed as a sheeted and braced open cut, the utility support system will
require careful planning, especially for the 54 inch water main.

4.5 Stations 603+50 to 606+15, Covered

Conditions are depicted in geological sections on Drawings Nos. G4aL.-SO-12 and G4aL.-SO-13.
Subsoils in the area consist of a layer of fill which ranges from about 13 feet in thickness at Boring
No. MR-54U to three feet at Boring No. MR-55, overlying sand of Stratum Es ranging in thickness
from about 10 to 15 feet, overlying interlayered clay and sand of Strata Mc and Ms ranging in
estimated thickness from about 30 to 45 feet. The top of Cretaceous soils is estimated to be at about
Elev. 90. Groundwater varies from about five to 20 feet below ground surface and is a subdued
reflection of the ground surface.

Proposed construction consists of a covered structure consisting of a cast-in-place slab with precast
wall and roof sections. Available support is in a transition, with top of rail in Aquia sands of
Stratum Es at the west end, and on planned new fill or a structure at the east end. Planned fill or
structure heights are up to 10 feet. The slab at the west end of the covered structure could bear in
Stratum Es at an allowable pressure of 2 tsf. This method may be used westward until the point
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where the existing fill is about four feet thick by removing the fill and replacing it with structural
fill. Beyond this point, alternatives for structural support could include piles or structural fill,
provided that sufficient time is available in the construction schedule for a surcharge to be placed
atop the structural fill.

If the pile alternative is selected, the covered structure could be directly supported by piles driven
into the lower Monmouth formation of Strata Mc and Ms below about Elev. 105, and/or the
Cretaceous formation of Strata P1 and P2. Piles of up to 70 ton capacity could consist of steel H-
piles, closed-end pipe, or precast concrete piles. We estimate 70-ton pile penetration into the lower
Monmouth and/or Cretaceous formations of about 15 to 20 feet for pipe and precast pies, and 20 to
30 feet for steel H-piles. The choice of pipe piles will be influenced by market prices, but it is
expected that the shorter precast pile could be more economical. If regrading requiring fill
placement in the vicinity of the piles is performed, downdrag loads attributable to the new fill must

be considered in pile design.

If the fill alternative is selected, the surcharge should be equal to 110% of the permanent structural
load and live load, to preload the underlying soils, to minimize differential settlements between the
covered box and the adjacent pile-supported aerial structures. If structural fill is used, existing fills
should be removed and the subgrade proofrolled. Structural fill should consist of select, controlled
fill meeting WMATA gradation requirements given in Section 2.1B of Standard Specifications
Section 204, installed in accordance with these specifications.

4.6 Stations 606+15 to 619+00, Covered Aerial Through Girder and Aerial

Conditions are depicted in geological sections on Drawings Nos. G4alL-SO-13 and G4aL-SO-14.
Subsoils in the area consist of a layer of fill which is generally about five feetin thickness, overlying
sand of Stratum Es ranging in thickness from about 5 to 10 feet, overlying interlayered clay and sand
of Strata Mc and Ms ranging in thickness from about 5 to 20 feet, overlying interlayered Cretaceous
sand and clay of Strata P1, P1(CL), P2, P2(SP-SM) and P2(G). The top of Cretaceous soils ranges
between about Elev. 100 and 110. At the location of Boring MR-38, a four-foot layer of Stratum
Ec was encountered beneath Stratum F. Groundwater varies from about two to 12 feet below ground
surface and is a subdued reflection of the ground surface.

Proposed construction consists of aerial structures throughout, typically supported at intervals
ranging from about 50 to 150 feet, dictated by the features to be crossed. These structures pass
above the Capital Beltway and Harry S Truman Drive. Because of the presence of loose to medium
density soils of the Aquia and Monmouth formations at depths ranging from 25 to 35 feet below the
ground surface, coupled with a groundwater table averaging between five and ten feet below ground
surface, shallow spread bearing for support of the aerial structures are not indicated. The aerial
structures are on a curve and subject to lateral and centrifugal forces. The lateral forces could induce



May 19, 2000
Page 11

unequal base pressures on spread foundations, causing a tendency for tilting of the aerial structures.
In addition, the rigorous limitations on differential settlements between aerial structure piers given
by WMATA criteria probably would be exceeded if the piers are founded on spread footings;
therefore, pile support of the piers and abutments of the aerial structures appears necessary.

Piles of up to 70 ton capacity could consist of steel H-piles, closed-end pipe, or precast concrete
piles. We estimate 70 ton pile penetration into the Cretaceous formation of Strata P1, P1 (CL), P2,
P2(SP-SM) and P2(G) of about 15 to 20 feet for pipe and precast piles and about 20 to 30 feet for
the steel H-piles. The choice of pile type will be influenced by market prices, but it is expected that
the shorter precast pile could be more economical.

The positioning of piers adjacent to the Capital Beltway are critical to minimize the cost of work
restrictions related to maintenance of highway traffic. The impact of pile driving and pile cap
construction on the 84-inch water line should be considered in the design. Piles driven within about
15 ft of an underground utility should be predrilled to the level of the utility invert to minimize the
risk of damage. The pile caps should be constructed as shallow as possible to minimize dewatering

requirements.

4.7 Stations 619+00 to 633+00, Retained Fill, Largo Town Center Station Platform

Locations of the retained fill, which includes the Largo Town Center Station Platform, are shown
in geological sections on Drawings Nos. G4al-SO-14 and G4aL-SO-15. Subsoils consist of a thin
layer of fill overlying, in order of increasing depth, Aquia clays and sands of Strata Ec and Es,
Monmouth sands of Stratum Ms, and Cretaceous clays and sands of Strata Pl and P2. The
groundwater level is five to 10 feet below ground surface, ranging between Elev. 132 and 138.

Existing fill should be removed at the locations of the retaining wall foundations for the retained fills
and the subgrades proofrolled prior to construction of the walls. Surface vegetation, topsoil and
organic soils should be removed from areas to receive embankment fill and subgrade similarly
proofrolled. Allowable soil bearing capacity for the design of wall foundations is 2 tsf. Retained
fill may consist of materials meeting WMATA requirements for embankment, fill, and backfill given
in Section 2.1A of Standard Specifications Section 204.

Foundations for the Largo Town Center Station could be supported by spread bearing on select,
controlled fill meeting WMATA gradation requirements given in Section 2.1B of Standard
Specifications Section 204. The existing fill should be removed and the surface proofrolled prior
to placing the controlled fill. Allowable soil bearing capacity for design of the station foundations

is 1.5 tsf.
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Groundwater is deeper than planned excavations in this section, and should have minimal impact
on design or construction.

4.8 Stations 633+00 to 636+80, Transition

Conditions are depicted on the right side of Drawing No. G4aL-50-15. Subsoils in the area consist
of a thin layer of fill overlying, in order of increasing depth, Aquia clays and sands of Strata Ec and
Es, Monmouth sands of Stratum Ms, and Cretaceous clays of Stratum P1. The groundwater level
is two to 10 feet below ground surface, ranging between Elev. 138 and Elev. 152. The groundwater
surface daylights in a stream at Station 634+30.

Construction methods have not been defined in this area, but the alignment will descend sharply
from the station platform which is on retained fill to the cut and cover section to the east.
Recommendations for the retained fill presented in Section 4.7 will apply here as will
recommendations for the cut and cover presented in Section 4.9. The stream at about Station
634+30 will be carried beneath the alignment in a multiple box culvert, which should be founded
on the Monmouth sands of Stratum Ms. Similarly, the selected transition structure between the
retained fill and the cut and cover should be founded on Stratum Ms.

Groundwater recommendations in Section 4.9 will apply to the cut and cover and deeper portions
of the transition structure.

4.9 Stations 636480 to 655+23, Cut and Cover

Conditions are depicted in geological sections on Drawings Nos. G4aL-SO-16 and G4aL-SO-17.
Subsoils in the area consist of a layer of Stratum F which ranges from about two to five feet in
thickness, overlying sand of Stratum Es ranging in thickness from about five to 20 feet, overlying
sand of Stratum Ms ranging in thickness from about 30 to 45 feet, overlying Cretaceous sand and
clay of Strata P1, (P1(CL) and P2. The top of Cretaceous soils is at about Elev. 115. Groundwater
varies from about four to 14 feet below ground surface and is a subdued reflection of the ground
surface. A second water level was observed in MR-65 at a depth of 36 feet below grade.

The design in this area is under revision, with current plans for cut and cover construction with top
of rail between Elev. +139 and +135. Foundations for the cut-and-cover structure between Stations
636+80 and 655+23 will be bearing primarily on the Monmouth sands of Stratum Ms at depths
generally 35 to 45 ft below existing grade. Allowable soil bearing capacity for design of foundations
is up to 3 tsf. Groundwater is as much as 30 feet above top of rail, requiring groundwater control
during construction and permanent track drainage. Temporary dewatering in advance of excavation
should be required. The discussion of dewatering methods for Station 596+50 to Station 603+50
will also apply for this area. It will be important to provide appropriate filters for drainage systems
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to avoid loss of the silty sand subgrade soil which could cause settlement of track and retaining
structures. If ballasted track is used, ballast needs to be underlain by filters to protect the underlying
silty sands from filling the open voids in the ballast. Sulfate levels 0f 0.7% and 1.0% were recorded
in this section in Stratum Ms, requiring special consideration be given to design of concrete and steel
structures which will contact these soils and potential treatment of groundwater discharged from
temporary dewatering and permanent drainage systems.

Consideration should be given to mining this 1800 foot rail track with an EPBM, to eliminate the
need for construction dewatering and a deep excavation support system. A pumping test in this area
would provide permeability and transmissivity data for Tertiary soils which could help determine
the time necessary for predrainage. This information would be useful in determining the degree of
difficulty in dewatering for a cut and cover tunnel, the feasibility of a mined tunnel using an open
faced shield and the potential benefits of using an EPBM tunneling method. Pumping tests have not
been performed in Tertiary deposits previously for Metro. We recommend that a pumping test be
performed during the preliminary design phase to provide information for final design and

construction.

REFERENCES

1. Davis, Susan L., Identifying Sulfidic Materials and Acid Sulfate Soils, December 1999, USDA
Natural Resources Conservation Service.
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TABLE NO. 2
SUMMARY OF LABORATORY TEST DATA

SAMPLE PHYSICAL PROPERTIES
CLASSIFICATION PROPERTIES
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CLASSIFICATION COMPRESSION COMPRESSION
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1. ALLTESTS SUMMARIZED ABOVE WERE PERFORMED IN THE SOILS LABORATORY OF MUESER RUTLEDGE CONSULTING ENGINEERS.
2. THE SAMPLE DEPTH LISTED ABOVE IS THE AVERAGE DEPTH OF THE SAMPLE RECOVERED.
3 FOR GROUND SURFACE ELEVATIONS AT THE BORINGS SEE TABLE NO. 1. FOR GENERALIZED STRATA DESCRIPTIONS SEE DRAWING NO. F-1.
4 "NATURAL WATER CONTENT OF THE ENTIRE SAMPLE" IS A WEIGHTED AVERAGE OF ALL MATERIAL TYPES RECOVERED.
5. THE TRIAXIAL COMPRESSION TESTS PERFORMED WERE:
O - QUICK TESTS (UU - UNCONSOLIDATED UNDRAINED TESTS)
Qc- CONSOLIDATED QUICK TESTS (CU - CONSOLIDATED UNDRAINED TESTS)
6 STRENGTH TESTS WERE PERFORMED ON PISTON TYPE SAMPLES (U) APPROXIMATELY 2.9 INCHES IN DIAMETER AND ON SHELBY TYPE SAMPLES (S)
APPROXIMATELY 1.8 INCHES IN DIAMETER. THE RATIO OF HEIGHT TO DIAMETER OF ALL STRENGTH TEST SPECIMENS WAS
APPROXIMATELY 2.0.
7. THE TRIAXIAL COMPRESSION TESTS WERE PERFORMED AT A RATE OF STRAIN OF APPROXIMATELY 1 PER CENT PER MINUTE.
8 THE DIRECT SHEAR TESTS WERE PERFORMED AT A CONSTANT RATE OF STRAIN EQUAL TO A HORIZONTAL DISPLACEMENT OF 0.02
INCHES PER HOUR. THE SPECIMENS WERE OF APPROXIMATELY 1/2 INGH THICKNESS.
9. COMPRESSION INDEX Cc - STRAIGHT LINE PORTION OF THE VIRGIN CURVE OF CONSOLIDATLION TEST: e = eo - Cc LOG P/Po
10, SWELLING INDEX Cs - STRAIGHT LINE PORTION OF THE REBOUND CURVE OF CONSOLIDATION TEST: e = e - Cs LOG P/Po
MUESER RUTLEDGE CONSULTING ENGINEERS WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
708 THIRD AVENUE, NEW YORK, N.Y., 10017 DELEUW, CATHER AND COMPANY
GENERAL ENGINEERING CONSULTANTS
DATE May-00 FILE NO. 9170 SHEET10F t TABLE NO. 2




TABLE NO. 3, SUMMARY OF RISING AND FALLING HEAD
PERMEABILITY TESTS IN OBSERVATION WELLS

(SECTION G4alL ADDISON ROUTE SITE PREPARATION AND MITIGATION)

BORING NO. MR-52 MR-53 MR-54U MR-56 MR-60 MR-61
TYPE OF TEST FALLING HEAD | FALLING HEAD | FALLING HEAD | FALLING HEAD | FALLING HEAD | FALLING HEAD
ELEVATION OF TOP
AND BOTTOM OF +187.7 +109.6 +137.4 +119.0 +109.3 +139.4
OPENING TESTED +1707 +776 +115.4 +51.0 +87.3 +108.9
LENGTH OF OPENING IN FEET; 17.0 32.0 22.0 / 68.0 22.0 30.5
-5 -5 -6 -4 -6 -5
COMPUTED PERMEABILITY, 1.7X10 53X 10 8.6 X 10 17X 10 25X 10 11X 10
FEETMINUTE
Es, Mc, P2(G),
STRATUM TESTED Ms Mc & P1 Ms P2(SP-SM), P1 Ms, P1 & P2
P1&P2
BORING NO. MR-62 MR-63 MR-64 MR-65
TYPE OF TEST FALLING HEAD | FALLING HEAD | FALLING HEAD | FALLING HEAD
ELEVATION OF TOP
AND BOTTOM OF +148.6 +150.1 +148.6 +135.9
OPENING TESTED +118.1 +119.6 +116.6 +103.9
LENGTH OF OPENING IN FEET 305 305 32.0 32.0
COMPUTED PERMEABILITY, 12X 165 1.6 X 165 57X10° 31x10°
FEETMINUTE
STRATUM TESTED Ms Ms Ms Ms, P1 & P2




TABLE NO. 4

REPRESENTATIVE PERMEABILITY VALUES

COEFFICIENT
SOIL OF PERMEABILITY K,
STRATUM TYPE (FT/MIN)

. -5 -6

Al Organic Clay 10 to 10
-3 -4

A2 S{ity Sand 10 to 10
: . -5 -6

TO Organic Clay 10 to 10
: -5 -6

T1 Silty Clay 10 to 10
T2 i1ty Sand 1003 t 107°
3 Gravelly Sand 5x1072 to 1073
T4 s11ty Sand 103 to 107
TS Graveily Sand 5x10‘2 to 1073

P1 Clay 107 Typical
-3 -5

P2 Clayey Sand 10 to 10
P3 Sandy Clay 107 to 1070

NOTE:

Range of permeabilities shown in t
scale pumping tests in earlier WMATA studies.
from small samples of the various strata or fro
frequently fall outside of the range noted.

his table is a general summary based on full

The permeability values determine
m borenhole permeability tests



TABLE NO. 5
REPRESENTATIVE PERMEABILITY VALUES

STRATUM SOIL TYPE COEFFICIENT OF
PERMEABILITY K,
(FT/MIN)

Q2 Fine to coarse sand, some medium to 5X 102 to 10'3
coarse gravel

Cc Plastic clay, silty and sandy clay 10 810 107
or clayey silt

Cs Fine sand, trace to some silt, clay and 1073 to 10°
clayey fine sand

Ec Plastic clay to silty and sandy clay or 107% to 107
clayey silt

Es Silty and clayey fine sand 103 to 10°

Mc Slightly organic fine sandy silt and 1075 to 10°
clayey silt

Ms Slightly organic micaceous silty or 107 to 10°

clayey fine sand
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DESCRIPTION OF MATERIAL TESTED

SYMBOLS FOR TEST TYPES

BLACK SLIGHTLY ORGANIC MICACEOUS FINE SANDY SILT, TRACE CLAY, CLAY

POCKETS, MICA, SHELLS

STRATUM @
WATER DEGREE OF
KEY BORING |SAMPLE | SOIL | TEST| LATERAL DEVIATOR| AXIAL
NO. NO.  |TvPE | TvPE | PRESSURE| _CONTENT-% ISATURATION-%| STRESS |STRAIN
TSF | mnmaL | ANAL|INmIAL [FiNAL | TSF %
1 MR-54U 13U [ ML | aQ 0.5 29 29 4.39 4
2 MR-54U 130 M| a 1.0 29 29 493
3 MR-54U 13U | ML | a 2.0 31 32 3.49 10

Q - UNCONSOLIDATED UNDRAINED
TRIAXIAL SHEAR TESTS

6  [WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY]

DelLEUW, CATHER AND COMPANY
GENERAL ENGINEERING CONSULTANTS

MUESER RUTLEDGE CONSULTING ENGINEERS
708 THIRD AVENUE, NEW YORK, N.Y. 10017

MADE BY: MC
CH'KD BY: AAA

DATE: 5-1-00 | FILE NO.
DATE: 5-1-00 9170

SUMMARY OF STRENGTH TESTS PLATE NO.

BORING NO. MR-54U 6
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PORTION OF MAP TITLED:
USGS LANHAM QUADRANGLE
CONTOUR INTERVAL 20FT—
MEAN SEA LEVEL DATUM

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
DELEUW, CATHER & COMPANY
GENERAL ENGINEERING CONSULTANTS

MUESER RUTLEDGE CONSULTING ENGINEERS
708 THIRD AVENUE, NEW YORK, N.Y. 10017

SCALE MADE BY AP, DATE  5-00 FLE NO.
1"=2000" | cwxo B D.W.C. DATE _ 5-00 9170
TOPOGRAPHIC SURVEY '
OF SITE — 1957 SK-1
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PORTION OF MAP TITLED:
USGS LANHAM QUADRANGLE
CONTOUR INTERVAL 20FT-—
MEAN SEA LEVEL DATUM

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
DELEUW, CATHER & COMPANY
GENERAL ENGINEERING CONSULTANTS

MUESER RUTLEDGE CONSULTING ENGINEERS
708 THIRD AVENUE, NEW YORK, N.Y. 10017

SCALE MADE BY A.P. DATE  5-00 FILE NO.

OAE 5-00 9170

1"=2000" | cwko By D.W.C.

DRAWING NO.

TOPOGRAPHIC SURVEY
OF SITE — 1971 SK—-2
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WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
DELEUW, CATHER & COMPANY
GENERAL ENGINEERING CONSULTANTS

MUESER RUTLEDGE CONSULTING ENGINEERS

708 THIRD AVENUE, NEW YORK, N.Y. 10017

SCALE WMADE BY AP. DATE  5-00

FILE NO.

OF SITE — 1993

1°=2000" | cw'xp 8y D.W.C. DATE  5-00 9170
TOPOGRAPHIC SURVEY '
SK—-3
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APPENDIX

CORROSION AND CHEMICAL TESTS FOR THIS INVESTIGATION



PRODUCT TESTING

FAILURE ANALYSIS

LITIGATION SUPPORT

essmaanssnassanas

CHEMICAL ANALYSIS

FNGINEFRING
CONSULTING

MATERIALS RESEARCH

BIOMATERIALS

TOOTWEAR TESTING

003

ARTECH TESTING, L L C.

14554 LEE ROAD . CHANTILLY, VA 20151-1632
703 378-7963 - BO0 2837848 - FAX 703 3787974

March 10, 2000

Mr. Rajesh Geol

Geotech Engineers, Inc.
11890-U Old Balttimore Pike
Beltsville, MD 20705

Subject: Analysis of WMATA Soil Borings

Reference: Geotech Jab # 969098
ARTECH C00025

Dear Mr. Geol:

On 2/22/2000 six samples of soil were submitted to ARTECH Testing for the determination
of pH, chloride, sulfate, total sulfur, and resistivity. Chloride ion was determined by California
Department of Transportation Test 432. Sulfate ion was determined gravimetrically by combusting a
portion of the sample and analyzing by APHA Method 4500-50, C. Total sulfur was determined by
combustion followed by idometric titration. All chemical properties are reported in dry weight
percent. The pH and resistivity were determined by California Department of Transportation Test
643. The results are presented in the following table:

" ARTECH % % % Total % Resistivity

Geotech ID Lab ID Solids pH  Chloride Sulfur Sulfate** ohm/cm
MR 62/22.0° C00025-1 18.7 7.23 0.0014 0.445 0.240 51,940
MR 65/14.0° = C00025-2 74.7 384 0.0088 0.478 0.382 26,700
MR 59U/15.0° C00025-3 782 69 0.0053 1.37 1.86 29,200

MR 61/12.0° C00025-4 76.5 7.23 0.0026 0.080 0.515 294,000
MR 64/22.0°  C00025-5 849  3.73  0.0040 0.510 0.677 52,200
MR 63/22.0° C000256 735 367  0.0082 0.605 0.967 13,600

*#+ Note - In several instances the sulfate result is higher than the total sutfur value. Total
sulfur was reanalyzed with significant variance between results. This is probably due mainly to the
uneven distribution of sulfur bearing matenals within the sample.

If ARTECH Testing can be of any further assistance, on this or any other matter, please
contact us at any time.

Sincercly,
ARTECH Testing, LLC

Sandra Conley
Manager, Chemistry Lab

ANT AONI HOMLOMD 6816 L£6 108 Yvi 80:vl 00/02/€0
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FAILURE ANALYSIS

LITIGATION SUPPORT
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CHEMICAL ANALYSIS

ENGINEERING
CONSULTING

MATERIALS RESEARCH

BIOMATERIALS

FOOTWEAR TESTING

ARTECH TESTING, L.L.C.

CHANTILLY, VA 20151-1632
FAX 703 378-7274

RECEIVED APR ==

14554 LEE ROAD -
703 378-7263 - 800 283-7848 -

April 4, 2000

Mr. Rajesh Geol

Geotech Engineers, Inc.
11890-U Old Baltimore Pike
Beltsville, MD 20705

Subject: Analysis of WMATA Soil Borings

Reference: Geotech Job # 96909B
ARTECH C00047

Dear Mr. Geol:

On 3/16/2000 two samples of soil were submitted to ARTECH Testing for the
determination of pH, chloride, sulfate, total sulfur, and resistivity. Chloride ion was determined by
California Department of Transportation Test 432. Sulfate ion was determined gravimetrically by
combusting a portion of the sample and analyzing by APHA Method 4500-SO, C. Total sulfur was
determined by combustion followed by idometric titration. All chemical properties are reported in
dry weight percent. The pH and resistivity were determined by California Department of
Transportation Test 643. The results are presented in the following table:

- M

ARTECH % % % Total % Resistivity
Geotech ID Lab ID Solids pH Chloride Sulfur Sulfate ohm/cm
MR 54/15.0° C00047-1 79.5 4.37 0.0078 0.301 0.028 370,000
MR 52/5.0° C00047-2 84.5 4.09 0.0001 0.041 0.027 390.000

If ARTECH Testing can be of any further assistance, on this or any other matter, please
contact us at any time.

Sincerely,
ARTECH Testing, LLC

/Q(’C/MLW L‘S”Q?
Sandra Conley

Manager. Chemistry Lab



